
SWASH PLATE TYPE VARIABLE DISPLACEMENT COMPRESSOR 

BACKGROUND OF THE INVENTION 

5 The present invention relates to^a swash plate type variable displacement 

Gompressor. 

A conventional swash plate type variable displacement compressor 
Includes a cylinder block and a housing. The cylinder block defines a cylinder 

10 bore therein. The housing is fixed to the cylinder block and defines a crank 
chamber, a suction chamber and a discharge chamber. The suction chamber and 
the discharge chamber are connected to a refrigerating circuit that Includes a 
condenser, an expansion vaive and an evaporator. A piston is accommodated in 
the cylinder bore so as to be able to reciprocate therein. The piston defines a 

16 compression chamt>er in the cylinder bore. A drive shaft is rotatably supported by 
the cylinder block and the housing. The drive shaft Is driven by an external drive 
source such as an engine of a vehicle. A swash plate is supported by the drive 
shaft in the crank chamber so as to rotate integrally with the drive shaft and so as 
to be inclinable with respect to the axis of the drive shaft. The swash plate allows 

20 the piston to reciprocate through a pair of shoes and a piston rod. The pressure In 
the crank chamber is controlled by a control mechanism. 
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There are three types of the control mechanisms. One of the control 
mechanisms, which is a supply control mechanism. Includes a bleed passage 
that has a constant inner diameter and continuously Interconnects the crank 
chamber with the suction chamber regardless an inclination angle of the swash 

5 plate, and adjusts an opening degree of a supply passage which interconnects 
the discharge chamber with the crank chamber by a control valve. Another 
control mechanism, which is a bleed control mechanism, adjusts an opening 
degree of the bleed passage by a control valve. The other control mechanism, 
which Is a three-way valve control mechanism, adjusts both opening degrees of 

10 the bleed passage and the supply passage by a control valve. 

In the compressor, when the drive shaft Is driven by the external drive 
source, the swash plate rotates integrally with the drive shaft. The piston 
reciprocates in the cylinder bore in accordance with the inclination angle of the 

16 swash plate. Refrigerant gas Is Introduced from the suction chamber into the 
compression chamt>er. The refrigerant gas is discharged to the discharge 
chaml3er after compressed. Therefore^ refrigeration capacity in the refrigerating 
circuit Is performed in accordance with an amount of the refrigerant gas 
discharged to the discharge chamber. Since the pressure in the crank chamber is 

20 controlled by the control mechanism, the inclination angle of the swa^ plate is 
adjusted. As a result, the stroke of the piston is varied, smd the amount of the 
refrigerant gas discharged from the compression chamber to the discharg 
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chamber by the reciprocation of the piston Is varied. 

In the control rnechanisnit blow-by gas. which is the refrigerant gas 
leaked from the compression chamber through a clearance between the cylinder 
5 bore and the piston, is supplied to the crani< chamber, in the control mechanism 
including the supply passage, high-pressure refrigerant gas is supplied from the 
discharge chamlaer to the crank chamber. On the other hand. In the control 
mechanism including the bleed passage, the refrigerant gas In the crank chamber 
is discharged to the suction chamber. The refrigerant gas includes lubricating oil. 
10 Therefore, the lubricating oil is stored in the crank chamt)er. and sliding parts 
such as tile swash plate and the shoes are lubricated by the lubricating oil. 

However, in tiie above-mentioned swash plate type variable 
displacement compressor, the lubricating oil is excessively stored in the crank 
15 chamber in the maximum displacement operation of the compressor, depending 
on a kind of the control mechanisms. In this case, it is hard to cope with the 
compression efficiency and the durability of the compressor. 

Namely, in the compressor Including the supply control mechanism as the 
20 control mechanism, the inner diameter of the bleed passage Is small so as to be 
able to increase the pressure in the crank chami^er in a displacement-decreasing 
operation of th compressor, in which the supply passage is opened by th 
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control valve for decreasing the displacement of the compressor. Furthermore, in 
the maximum displacement pperaUon of the compressor, In which the pressure In 
the crank chamber is relatively low. the supply passage Is closed by the control 
valve. So the high-pressure refrigerant gas in the discharge chamber is not 
6 supplied to the crank chaml>er. Therefore, in the maximum displacement 
o|3eration of the compressor, the lubricating oil stored in the crank chamt>er is not 
pushed out to the bleed passage by the refrigerant gas. As a result, the 
lubricating oil is excessively stored in the crank chamber. 

10 Also, in the compressor Including the three-way valve control mechanism 

as the control mechanism, when the displacement of the compressor is 
decreased by increasing the pressure In the crank chamber, the supply passage 
is opened by the control valve suid the bleed passage is closed by the control 
valve. On the other hand, when the displacement of the compressor Is increased 

15 by decreasing the pressure In the crank chamber, the supply passage is closed 
by the control valve and the bleed passage is opened by the control valve. 
Therefore, the opening degree of the bleed passage, which becomes the 
ma^dmum by the control valve in the maximum displacement operation of the 
compressor Is not relatively large. Furthermore, in the maximum displacement 

20 operation of the compressor, the supply passage is closed, and the high-pressure 
refrigerant gas in the discharge chamber is not supplied to the crank chamber. 
Therefore, In the maximum displacement operation of th compressor, the 
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lubricating oil stored In the cranl< diamber fs hard to push out to the bleed 
passage by the refrigerant gas. The lubricating oil is easily excessively stored in 
the cr&mk chaml^er. Although the tinree-way valve control mechanism includes the 
bleed passage, the lubricating oil is easily excessively stored in the cranl< 
5 chamber due to a small inner diameter of the bleed passage. 

On the other hand, in the compressor including the bleed control 
mechanism as the control mechanism, the pressure in the crank chamber is 
increased by the blow-by gas that is continuously supplied to the crank chami^er 
10 and by the high-pressure refrigerant gas tliat is continuously supplied to the crank 
chamber through the supply passage. Therefore, in the maximum displacement 
openaition of the compressor, the opening degree of the bleed passage is large. 
As a result, the lubricating oil is hard to store in the crank chamber excessively. 

15 When the control mechanism Is the supply control mechanism or the 

three-way valve control mechanism, in the maximum displacement operation of 
the compressor, the lubricating oil is excessively stored in the crank chamber. 
Therefore, the ratio of the lubricating oil in the refrigerant gas is decreased in the 
refrigerating circuit, and the refrigerant gas that does not contain much lubricating 

20 oil Is introduced from the suction chamber into the compression chamber As a 
result, sliding performance of tiie piston in the cylinder bore may deteriorate, and 
it is worried that the durability of the piston d t riorat s. 



-5- 



In order to solve the above problem, it is considered to increase the ratio 
of tlie lubricating oil In the refrigerant gas. However, in the compressori in the 
displacement-decreasing operation of the compressor, in which the pressure In 
5 the crank chamber is relatively high, the supply passage is opened by the control 
valve. The high-pressure refrigerant gas is supplied to the crank chamber, and 
the lubricating oil stored in the crank chamber is easily pushed out to the bleed 
passage by the high-pressure refrigerant gas. Thereforei if the ratio of the 
lubricating oil in the refrigerant gas is increased, a large amount of the lubricating 
xo oil, which is pushed out in the displacement-decreasing operation of the 
compressor, is mixed in the refrigerant gas in the refrigerating circuit. The ratio of 
the lubricating oil in the refrigerant gas in the refrigerating circuit becomes 
excessively high. As a resuitt the compression efficiency of the compressor 
becomes low. 

15 

A communication path that interconnects the crank chamber with the 
compression chamber is disclosed in Japanese Unexamined Patent Publication 
No. 56-162281, No. 7-35037, No. 2001-107847 and No.2001 -20863, and 
International Publication No. W096/39581 . 

20 

In the compressor disclosed in Japanese Unexamined Patent Publication 
No. 56-162281, a Swash plat is fix d to a driv shaft and is not incllnabi with 
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respect to the axis of the drive shaft. The compressor does not include a control 
mechanism that controls the pressure in the crank chamber for changing the 
displacement of the compressor. In the compressor, which is a fixed displacement 
type, only volumetric efficiency is improved by Interconnecting the crank chamber 
5 or a swash plate chamlser with the compression chamber by the communication 
path. 

In the compressor disclosed in Japanese Unexamined Patent Publication 
No. 7-35037, refrigerant gas in the crank chami^er is introduced Into the 

10 compression chamber through the communication path that Interconnects the 
crank chamber with the compression chamber. Lubricating oil in the crank 
chamber Is not discharged into the compression chamber in the maximum 
displacement operation of the compressor. The communication path only allows 
the refrigerant gas to move from a suction chamber to the crank chamber, and the 

15 pressure In the crank chamber Is not decreased through the communication path. 

In the compressor disclosed in Japanese Unexamined Patent Publication 
No. 2001-107847, the communication patfi that interconnects the crank chamber 
with the compression chamber functions as a passage for biow-by gas. 
20 Lubricating oil in the crank chamber is not discharged Into the compression 
chamber in the maximum displacement operation of the compressor. 
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A compressor In which a groove Is formed on the outer circumferential 
surface of the piston is disclosed in Japanese Unexamined Patent Publication No. 
2001*-20863 and International Publication No. W096/39581. However, in the 
compressor disclosed in Japanese Unexamined Patent Publication No. 
5 2001-20863, the groove does not interconnect the crank chamber with the 
compression chamber and only functions as a fluid bearing. Also, in the 
compressor disclosed in International Publication No. W096/39581 , the groove 
does not interconnect the crank chamber with tiie compression chamber and Is 
only for storing the lubricating oil in a cylinder bore therein. 

10 

SUMMARY OF THE INVENTION 

The present Inventton is directed to a swash plate t^e variable 
displacement compressor Including a control mechanism that decreases 
16 pressure In a crank chamber by a bleed passage interconnecting the crank 
chamber with a sucUon chamber, wherein the durability and compression 
efficiency of the swash plate type variable displacement compressor are 
compatible with each other without excessively storing lubricating oil in the crank 
chamber In the maximum displacement operation of the compressor. 

20 

In accordance with the present invention, a swash plate type variable 
displacement compressor connected to an external driv source for compressing 
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refrigerant gas tfiat contains lubricating oil Includes a cylinder block, a housing, a 
drive shaft, a swash plate, and a piston. The cylinder block defines a cylinder 
bore. The housing Is fixed to the cylinder block and defines a crank chamber, a 
suction chamber and a discharge chamber. The drive shaft is supported by the 
5 housing and the cylinder btock for rotation and is driven by the external drive 
source. The drive shaft has an axis. The swash plate is supported by the drive 
shaft in the crank chamber so as to rotate integrally with the drive shaft The 
swash plate is inclinable with respect to the axis of the drive shaft An inclination 
angle of the swash plate is varied in accordance with the pressure in the crank 

10 chamber. The piston is accommodated In the cylinder bore so as to define a 
compression chamber In the cylinder bore and is coupled to the swash plate. The 
rotation of the swash plate is converted into the reciprocating movement of the 
piston, and the displacement of the compressor is varied by the reciprocation of 
the piston in accordance with the Inclination angle of the swash plate. The 

16 compressor also Includes a control mechanism for controlling pressure in the 
crank chamber. The control mechanism includes a bleed passage that 
interconnects the crank chamber with the suction chamber for decreasing the 
pressure in Vne crank chamlser. The compressor Is formed such that tlie 
lubricating oil stored in the crank chamber is discharged into at least one of the 

20 suction chamber, the discharge chamber and the compression chamber while the 
inclination angle of the swash plate is sulsstantially a maximum inclination angle. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The features of the present invention that are believed to be novel are set 
forth with particularity in the appended claims. Aspect of the invention may best 
5 be understood by reference to the following description of the presently preferred 
embodiments together with the accompanying drawings In which: 

FIG. 1 is a longitudinal cross-sectional view of a compressor according to 
a first preferred embodiment; 

10 

FIG. 2A is a view illustrating a supply control mechanism according to the 
first preferred embodiment; 

FIG. 2B is a view Illustrating a three-way valve control mechanism 
16 ao(X)rding to a first alternative preferred emix>diment; 

FIG. 3 is a partially enlarged longitudinal cross-sectional view of the 
compressor according to the first prefenred embodiment; 

20 FIG. 4 is a view taken by the tine I - 1 In FIG. 1 of the first preferred 

embodiment; 
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FIG. 5 is a partially enlarged view of FIG« 4; 



FIG. 6 is a partially enlarged longitudinal cross-sectlonal view of a 
compressor according to a second preferred embodiment; 

5 

FIG. 7 is a partially enlarged longitudinal cross-sectional view of a 
compressor according to a third preferred embodiment; 

FIG. 8 is a partially enlarged longitudinal cross-sectional view of a 
10 compressor according to a fourth preferred embodiment; 

RG. 9 Is a cross-sectlonal view of a compressor according to a fifth 
preferred emfcK>diment; 

15 FIG. 10 Is a partially enlarged longitudinal cross-sectional view of a 

compressor according to a sbcHi preferred embodimem; 

FIG. 11 is a cross-sectlonal view of the compressor according to the sixth 
preferred embodiment: 

20 

FIG. 12 Is a cross-sectional view of a compressor according to a seventh 
preferred embodiment; 
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FIG. 13 is a partially eniarged longitudinal cross-sectionai view of a 
compressor according to an eighth preferred embodiment 

FIG. 14A is a cross-sectional view of the compressor according to the 
eighth preferred embodiment; 

FIG. 14B is a partially enlarged view of FIG. 14A; 

FIG. 14C is a perspective view of the head of a piston according to the 
eighth preferred embodiment; 

FIG. 15 is a partially enlarged longitudinal cross-sectional view of a 
compressor according to a ninth preferred embodiment; 

FiG. 16 is a partially enlarged longitudinal cross-sectional view of a 
compressor according to a tenth preferred embodiment; 

FIG. 17 is a partially enlarged plan view of the compressor when viewed 
from the inside of a cylinder bore according to the tenth preferred embodiment; 

FIG. 18 is a partially enlarg d plan view of a compressor when vr wed 
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from the Inside of a cylinder bore according to a eleventh preferred embodimertt; 

FIG. 19 is an explanatory view of RG. 1 8; 

5 FIG. 20 is a graph showing a reaationship between the width of a straight 

flute portion and the central angle of an Introduction portion according to the 
eleventh preferred embodiment; and 

FIG. 21 is a longitudinal cross-sectional view of a compressor according 
10 to a twelfth preferred embodiment 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments 1 through 12 according to the present invention 
15 will be described by referring to FIGs. 1 through 21 hereafter. 

NoW| the first preferred embodiment will be described. As shown in FIG. 1 , 
a compressor of the first preferred embodiment has a cylinder block 1 and a 
housing that includes a cup-shaped front housing 2 and a rear housing 7. In FIG. 
20 1 , the left side and thie right side of the drawing respecUveiy correspond to the 
front side and the rear side of the compressor. The cylinder block 1 has seven 
bore surfac s that define s v n cylinder bores 1a. a shaft hole 1b, a muffler 
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chamber 1 c and an inlet 1 d. The front housing 2 is fixed to the fiont end of the 
cylinder block 1 . The rear housing 7 is fixed to the rear end of the cylinder block 1 . 
A suction valve plate 3, a valve plate 4, a discharge valve plate 5 and a retainer 
plate 6 are placed between the rear housing 7 and the cylinder block 1 . 

5 

A shaft hole 2a is formed in the front housing 2. A crank chamber 8 is 
defined by the front end of the cylinder block 1 and the front housing 2. A shaft 
seal 9 and a radial bearing 10 are arranged in the shaft hole 2a. A radial bearing 
11 is arranged in the shaft hole 1b. A drive shaft 12 is rotatably supported by the 
10 front housing 2 tiirough the shaft seal 9 and the radial bearing 10, and by the 
cylinder block 1 through the radial bearing li in the crank chamt)er 8. 

A lug plate 14 is secured to the drive shaft 12 in the crank chamber 8. A 
thrust bearing 13 is interposed between the front housing 2 and the lug plate 14. 

16 A pair of support arms 15 is mounted on the lug plate 14 so as to protrude 
rearward, A guide hole 15a Is formed In each support arm 15 and has a cylindrical 
inner surface. The drive shaft 12 is interposed through a through hole 16a of a 
swash plate 16. A spring 17 for decreasing inclination angle Is arranged between 
the swash plate 16 and the lug plate 14. A circlip 25 is fitted around the drive shaft 

20 12 near the shaft hole 1 b of the cylinder block 1 . A restoring spring 26 is arranged 
between the circlip 25 and the swash plate 16. A thrust bearing 27 Is arranged at 
the rear end of the drive shaft 12 in th shaft hole lb of the cylinder block 1. A 
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spring 29 is arranged between the thrust bearing 27 and the suction valve plate 3. 

A pair of guide pins 16b is mounted on the front side of the swash piate 
16 so as to protrude toward each support arm 15. A guide ball 16c having a 
6 spherical surface is formed on a top of each of the guide pins 16b so as to 
siidably move in the guide hole 15a. Therefore, the swash plate 16 is supported 
by the drive shaft 1 2 so as to rotate integrally with the drive shaft 1 2 and so as to 
be inclinable with respect to the axis of the drive shaft 12. A hoilow piston 19 is 
accommodated in each of the cylinder bores 1 a. The piston 1 9 is coupled to the 

10 swash plate 16 through a pair of shoes 18. The outer ctrcumferential surface of 
each of the pistons 19 is covered with a sliding film that solid lubricant such as 
PTFE (polytetrafluoroethylene) is dispersed in binder resin made of 
poiyamide-imide. The compressor is designed such tiiat the position of the top 
dead center of the piston 19 in the maximum displacement operation of the 

16 compressor is substantially identical to that in the minimum displacement 
operation of the compressor A compression chamber 30 is defined by the 
cylinder bore la and the piston 19. An Inclination angle of the swash plate 16 Is 
an angle between the swash plate 16 and a hypothetical plane perpendicular to 
the axis of the drive shaft 12. A maximum inclination angle of the swash plate 1 6 

20 is an angle between the swash plate 1 6 and the hypothetical plane perpendicular 
to the axis of the drive shaft 1 2 when the swash piate 1 6 contacts the lug plate 1 4. 
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The drive shaft 12 protrudes frontward from the front housing 2, and a 
pulley 22 IS fixed to the front end of the drive shaft 12 by a bolt 23. The pulley 22 
is supported by the front housing 2 through a ball bearing 24. The pulley 22 is 
coupled to a belt, and the belt is connected to an engine EG as an external drive 
6 source. ^ 

A suction chamber 7a is defined in the rear housing 7 and is 
interconnected with the inlet Id through a suction passage, which is not shown. A 
suction port 31 is formed in the retainer plate 6, the discharge valve plate 5 and 

10 the v€Uve plate 4* A suction valve 3a is formed in the suction valve plate 3. The 
suction chamber 7a is interconnected with each of the cylinder bores 1a through 
the suction port 31 and the suction valve 3a. The inlet 1d is connected to an 
evaporator EV in a refrigerating circuit by a plpo. The evaporator EV is connected 
to a condenser CO by a pipe via an expansion valve V. A discharge chamber 7b 

15 is defined around the suction chamtser 7a in the rear housing 7. A discharge 
passage 7d Is formed In the rear housing 7 by extending through the retainer 
plate 6, the discharge valve plate 5, the valve plate 4 and the suction valve plate 3. 
The discharge passage 7d interconnects the discharge chamber 7b with the 
muffler chamber 1 c. The muffler chamber 1 c is connected to the condenser in the 

20 refrigerating circuit by a pipe. A discharge port 32 is formed in the valve plate 4 
and the suction vsUve plate 3. A discharge valve 5a is formed in the discharge 
valve plate 5. The discharge chamber 7b is interconnected with each of the 
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cylinder bores 1a through the discharge port 32 and the discharge valve 5a. 



A control vaive 34 Is arranged In the rear housing 7* As shown In FIG. 2A, 
a supply passage 36 interconnects the discharge chamber 7b with the crank 

5 chamber 8, and the control valve 34 is arranged on the supply passage 36. The 
opening degree of the control valve 34 can be adjusted in accordance with a 
suction pressure Ps in the suction chamber 7a. A bleed passage 35 interconnects 
the crank chamber 8 with the suction chamber 7a for decreasing the pressure in 
the crank chamber 8. The bleed passage 35 has a throttle 35a with a constant 

10 Inner diameter and continuously interconnects the crank chamlier 8 with the 
suction chamt>er 7a regardless the inclination angle of the swash plate 16. A 
clearance is formed in the piston 19 shown in FIG. 1 between the piston 19 and 
the cylinder bore 1a. Blow-by gas, which is the refrigerant gas leaked from the 
compression chamber 30 to the crank chamber 8, is supplied to the crank 

IS chamber 8 through the clearance. In the compressor, a supply control mechanism 
which Is a control mechanism for controlling the pressure in the crank chamber 8 
is constituted of the supply passage 36, the control valve 34, the bleed passage 
35, and the clearance between the piston 19 and the cylinder bore la. 

20 As a characteristic stmcture of the compressor, as shown In FIGs. 3 and 

4. a communication groove 60 as a communication path is formed in the surface 
of one of the cylinder bores 1a and interconnects the crank chamber 8 with the 
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associated compression chamber 30* The communication groove 50 axially 
extends from a crank chamber side toward a suction valve plate side in the bore 
surface of the cylinder block 1 . The communication groove 50 has a length so as 
to cross the rear end of the piston 1 9 while the inclination angle of the swash 

5 plate 16 is substantially the maximum^ inclination angle and the piston 19 is 
located substantially at its bottom dead center. Namely, the communication 
groove 50 interconnects the crank chamber 8 with the compression chamber 30 
while the inclination angle of the swash plate 16 is substantially the maximum 
inclination angle and the piston 19 is located substantially at its bottom dead 

10 center. Therefore, when the piston 19 Is in a compression process, the refrigerant 
gas 4n the compression chamber 30 does not leak to the crank chamber 8 
through the communication groove 50. Furthermore, as shown in FIG. 4, the 
communication groove 50 is located in an inner cin^umferentiai area that Is near 
the drive shaft 12, that is, Inside a circle C that passes through the center axis of 

15 each of the cylinder bore la. As shown in FIG. 5, arcuate chamfers 50a and 50b 
are formed respectively at both side surfaces of the communteatlon groove 50. As 
shown in FIGs. 1 and 3, an arcuate chamfer 50c is formed at the periphery of the 
communication groove SO at a compression chamber side* The communication 
groove 50 is relatively easily formed only by working the cylinder block 1 . 

20 

In the above-constructed compressor, as shown In FIG. 1. while the 
engin EG is running, the pulley 22 is rotated by th engine EG via the belt, and 



-18- 



the drive shaft 12 is continuously driven. The swash plate 16 oscillates as the 
swash plate 16 is rotated by the drive shaft 12, and the piston 19 reciprocates In 
the cylinder bore la. Namely, the rotation of the swash plate 16 is converted into 
the reciprocating movement of the piston 1 9. Therefore, the refrigerant gas In the 
5 evaporator in the refrigerating circuit is introduced into the suction chamber 7a 
through the inlet Id. After compressed in ttie compression cdiamber 30, the 
refrigerant gas is discharged into the discharge chamber 7b. The refrigerant gas 
in the discharge chamber 7b is discharged to the condenser CO through the 
muffler chamber 1 c. 

10 

During the above period, the blow-by gas is supplied from the 
compression chamber 30 to the crank chamber 8 through the clearance between 
the cylinder bore la and the piston 19. As shown in FIG. 2A, the control valve 34 
adjusts the opening degree of the supply passage 36 In accordance with the 

15 suction pressure Ps in the suction chamber 7a. Therefore, when the supply 
passage 36 is opened by the control valve 34, the refrigerant gas having the 
discharge pressure Pd in the discharge chamber 7b is supplied to the cranio 
chamirar 8 through the supply passage 36. On the other hand, the refrigerant gas 
In the crank chamber 8 Is discharged to the suction chamt>er 7a through the bleed 

20 passage 35. Therefore, the pressure Pc in the crank chamber 8 is varied, and the 
back pressure that is applied to the piston ig shown In FIG. 1 is varied. Then, the 
inclination angi of the swash plat 1 6 is varied, and the stroke of th piston 1 9 is 
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varied. As a result, the displaoement of the compressor can be practically 
changed from 0% to 1 00%. Namely, the displacement of the compressor is varied 
by the reciprocation of the piston 19 in accordance with the inclination angle of 
the swash plate 16. The refrigerant gas contains lubricating oil. Therefore, the 
5 lubricating oil is stored in the crank cKamber 8, and sliding parts such as the 
swash plate 16 and the shoes 18 are lubricated by the lubricating oil. 



In the compressor the inner diameter of the throttle 35a of the bleed 
passage 35 Is small such that the pressure Pc in the crank chamber 8 is capable 

10 of being increased in a displacement-decreasing operation of the compressor In 
which the supply passage 36 Is opened by the control valve 34 for decreasing the 
displacement of the compressor. In the maximum displacement operation of the 
compressor, in which ttie pressure Pc in the crank chamber 8 is relatively low, the 
supply passage 36 Is closed by tiie control vatve 34. So the refrigerant gets having 

15 the discharge pressure Pd in the discharge chamber 7b is not supplied to the 
crank chamber 8. Therefore. In the maximum displacement operation of the 
compressor, the lubricating oil is not pushed out into the bleed passage 35 by the 
high-pressure refrigerant gas supplied from the discharge chamber 7b. As a 
result, the lubricating oil tends to be excessively stored in the crank chamber 8. 

20 

In the maximum displacement operation of the compressor* which is a 
state that the inclination angle of the swash plate 1 6 is substantially the maximum 
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inclination angle, only while the piston 1 9 fs located substantially at its bottom 
dead center, the crank chamber 8 is interconnected with the compression 
chamt>er 30 through the communication groove 50 as shown in FIG. 3. Therefore, 
the lubricating oil stored in the crank chamber 8 is discharged into the 
5 compression chamber 30 in the mcocimum displacement operation of the 
compressor. The compressor is designed such that the position of the top dead 
center of the piston 1 9 in the maximum displacement operation of the compressor 
is substantially identical to that in the minimum displacement operation of the 
compressor. Therefore, the lubricating oil in the crank chamber 8 can be 

10 discharged into the compression chamber 30 only in the maximum displacement 
oj^eration of the compressor Also, an appropriate amount of the lubricating oil 
can be stored in the crank chamber 8 when the compressor is not in the 
maximum displacement operation. In this way, the lubrlc^ing oil In the crank 
chamber 8 is easily discharged Into the compression chamber 30 through the 

15 communication groove 50 in the maximum displacement operation of the 
compressor. 

According to the first preferred embodiment, following advantageous 
effects are obtained. 

20 

The crank chamber 8 is interconnected with the compression chamber 30 
through the communication groove 50 only while the inclination angle of the 
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swash plate 1 6 Is substantially the maximum Inclination angle and the piston 1 9 Is 
located sub$t€mtially at its bottom dead center. Therefore, In the compressor, the 
lubricating oil in the crank chamber 8 can be discharged into the compression 
chamber 30 only in the maximum displacement operation of the compressor. The 
6 lubricating oil discharged to the compression chamber 30 enhances sliding 
performance between the cylinder bore 1a and the piston 19. if the lubricating oil 
stored in the cranl< chamber 8 is discharged to the compression chaml^er 30 even 
while the inclination angle of the swash plate 16 is not substantially the maximum 
inclination angle, the appropriate amount of the lubricating oil Is hard to store in 

10 tlie crank chamber 8. in this case, tiie lubricity of the sliding parts of the swash 
plate 16 and the shoes 18 easily deteriorates, l-lowever, in this embodiment, the 
appropriate amount of the lubricating oil can be stored in the crank chamt>er 8 
even though the compressor is not in the maximum displacement operation. 
Therefore, the lubricity of the sliding parts of the swash plate 1 6 and the shoes 1 8 

15 can be ensured. 

Also, since the arcuate chamfers 50a through 50c are respectively 
formed at both side surfaces of the communication groove 60 and at the 
periphery of the communication groove 50 at the compression chamber side in 
20 the compressor, abrasion of the piston 1 9 is avoided even when the piston 1 9 that 
reciprocates in the cylinder bore la slightly rolls in a circumferential direction of 
the cylinder bore la. Durability of the piston 19 is maintained, and th sliding 
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performance of the piston 19 fs ex€:ellent. Furthermore, the lubricant oil in the 
communication groove SO is easily discharged into the compression chamber 30 
due to the chamfers 50a through 50c. 



5 The lubricating oil In the crank chamber 8 tends to exist In the lower side 

In the crank chamber 8 due to its own weight. The lubricating oil in the crank 
chamber 8 also tends to exist in an outer circumferential area that is far from the 
drive shaft 1 2 due to centrifugal force generated by the rotation of the swash plate 
16. The outer circumferential area is outside the circle C that passes through the 

10 center axis of each of the cylinder bores la. Therefore, since the communication 
groove 50 is located near the drive shaft 12 in the inner circumferential area as 
shown in FIG. 4, the lubricating oil in the crank chamber 8 can be gradually 
reduced. Also, side force is applied to the piston 19 in the compressor due to 
compression and suction reactive force such that the piston 1 9 Is inclined with 

15 respect to tiie axis of the drive shaft 12 to have more distance from the rear side 
to the front side, while the compressor Is driven. Therefore, the front side end of 
the piston 19 at a swash plate side is easy to press against the cylinder bore 1a at 
tfie outer side of the bore surface of the cylinder block 1 . However, since the 
communication groove 50 is formed at the inner side of the bore surface of the 

20 cylinder block 1. Therefore, ttie abrasion of the piston 19, especially abrasion of 
the sliding film can t>e more certainty avoided. 
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Thus, in the compressor, the ratio of the lubricating oil in the refrigerant 
gas in the refrigerating circuit is hard to excessively decrease, and the refrigerant 
gas appropriately containing the lubricating oil is introduced from the suction 
chamber 7a to the compression chamber 30 through the inlet Id. Therefore, the 
5 sliding performance between the piston 19 and the cylinder bore 1a does not 
deteriorate, and the durability of the piston 19 Is excellent. Furthermore, since it is 
unnecessary to excessively increase the ratio of the lubricating oil in the 
refrigerant gas, compression efficiency of the compressor can be maintained. 

10 Consequently, the lubricating oil is not excessively stored in the cranic 

chamber 8, and the excellent durability of the compressor can be compatible with 
maintaining the compression efficiency of the compressor. 

The compressor Is a clutchless compressor whose drive shaft 12 is 
15 continuously driven while the engine EG is running. In a conventional dutchless 
compressor, the lubricating oil is excessively stored In the cranic chamber in the 
maximum displacement operation of the compressor If the relatively large 
amount of the lubricating oil is still stored in the crank chamber in the minimum 
displacement operation of the compressor, the swash plate stirs the lubricating oil 
20 in the crank chamber, and the lubricating oil becomes hot by shearing, in this 
case, the temperature of the compressor becomes extremely high. As a result, 
seal members deteriorate, and the durability of the compressor deteriorates. On 
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the other hand, the lubricating oil is not excessively stored in the crank chamber 8 
In the compressor of the first preferred embodiment. Therefore, seal members 
such as the shaft seal 9 and an O-ring, which is not shown, are hard to 
deteriorate, and the durability of the seal members is excellent 

5 

A second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, eleventh 
and twelfth preferred embodiments will be described by referring to FiGs. 6 
through 21. The same reference numerals denote the substantially identical 
elements as those in the first preferred embodiment. 

10 

In a compressor of the second preferred embodiment, as shown In FIG. 6, 
the communication groove 50 of the first preferred embodiment Is changed to a 
communication groove 61 as a communication path* The communication groove 
51 tonmed In the t>ore surface of the cylinder blocl< 1 is deeper at the crank 

15 chamber side than at the compression chamt)er side so as to have a trapezoidal 
longitudinal section. Therefore, the cross-sectlonal area of the communication 
groove 51 at the crank chamber side is larger than that at the compression 
chamber side. Namely, the cross-secttonal area of the end of the communication 
groove 51 at the crank chamber side is larger than any other cross-sectional area 

20 of the communication groove 51. The other structure of the compressor is the 
same as the compressor in the first preferred emt>odlment. 
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In the compressor, the lubricating oil In the crank chamber 8 Is easily 
introduced Into the communication groove 51 In the maximum displacement 
operation of the compressor. Therefore, the advantageous effecte of the present 
Invention can be enhanced. 

5 

In a compressor of the third preferred embodiment, as shown In FIG. 7, 
the communication groove 50 of the first preferred embodiment is changed to a 
communication groove 52 as the communication path. The communication 
groove 52 at the crank chamber side extends toward the drive shaft 12. Therefore, 
10 the cross-sectional area of the communication groove 52 at the crank chamber 
side is larger than that at the compression chamber side. The other structure of 
the compressor is the same as the compressor In the first preferred embodiment 
In the compressor, the same advantageous effects are obtained as mentioned In 
the second preferred emt}odiment. 

15 

in a compressor of the fourth preferred emt>odimentt as shown In RG. 8, 
the communication groove 50 of the first preferred embodiment Is changed to a 
communication passage 53 as the communication path. The communication 
passage 53 is formed in the cylinder block 1 so as to extend through the cylinder 
20 block 1 . The other structure of the compressor is the same as the compressor in 
the first preferred embodiment. In the compressor, the same advantageous 
effects are obtained as mentioned in the first preferred embodiment 
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In a compressor of the fifth preferred embodiment, the same 
communication grooves 50 as in the first preferred embodiment are formed In the 
three cylinder bores la that are located in an upper side of the compressor that is 
5 above a horizontal line L in a state when the compressor is installed In a vehicle. 
The other structure of the compressor is the same as the compressor in the first 
preferred embodiment. 

in the compressor, the lubricating oil is easily supplied to the three 
10 cylinder bores la in which the lubricating oil tends to be lacking due to its own 
weight. The sliding performance In the corresponding compression chambers 30 
is ensured by the lubricating oil supplied through the communication grooves 50. 
The other advantageous effects are the same as mentioned in the first preferred 
embodiment. The amount of the lubricating oil in the cranl< diamber 8 can t>e 
15 adjusted by changing the location and the number of the communication groove 
50. Purthenmoret in this embodiment, the communication groove 50 of the first 
preferred embodiment can be changed to the communication groove 51, the 
communication groove 52, or the communication passage 53. 

20 In a compressor of the sixth preferred embodiment, as shown in FIG. 10, 

the communication groove 50 of the first preferred embodiment is changed to a 
communication groov 54 as the communication path. Tlie communication 
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groove 54 is formed in the front housing 2 and the cylinder block 1 . As shown in 
FIG. 11 , the communication groove 54 is located in the outer circumferential area 
that is far from the drive shaft 12 and that is outside the clrde C which passes 
through the center axis of each of the cylinder bores 1 a. The other structure of the 
5 compressor is the same as the compressor in the first preferred embodiment 

In the compressor, a large amount of the lubricating oil in the crank 
chamber 8 can be reduced by the centrifugal force generated by the rotation of 
the swash plate 16. The other advantageous effects are the same effects as 
10 mentk>ned In the first preferred embodiment. 

In a compressor of the seventh preferred embodiment, as shown in FIG. 
12, communication grooves 54 are formed In all of the bores surfaces of the 
cylinder block 1. The other structure of the compressor is the same as the 
16 compressor in the first preferred embodiment. In the compressor, the lubricating 
oil can be supplied to all cylinder bores la through the communication grooves 
54. 

In a compressor of the eighth preferred embodiment, as shown in FIGs. 
20 13 through 14C, the communication groove 50 of the first prefenred embodiment 
is changed to a communication groove 55 as the communication path. The 
communication groove 55 is form d in th outer circumferential surface and the 
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end surface of the piston 1 9 at the head side of the piston 1 9. The communication 
groove 55 axially extends to the compression chamber 30. As shown in FIGs. 
14B and 14C, Chamfers 55a and 55b are formed respectively at both side 
surfaces of the communication groove 55. As shown in FIG. 14C. chamfers 55o 
5 are formed at the periphery of the comrnunlcatfon groove 55 at the compression 
chamber side. The other structure of the compressor Is the same as the 
compressor in the first preferred embodiment, in the compressor, the same 
advantageous effects are obtained as mentioned in the first preferred 
embodiment. 

in a compressor of the ninth preferred embodiment, as shown in FiG. 15, 
the communication groove 50 of the first preferred embodiment is changed to a 
communication groove 56 as the communication path. The communication 
groove 56 formed In the outer circumferential surface of the piston 1 9 is deeper at 

15 the cranic chamber side than at the compression chamber side so as to have a 
trapezoidal longitudinal section. Therefore, the cross-sectional area of the 
communication groove 56 at the cranic chamber side Is larger than that at the 
compression cliamber side. Namely, the cross-sectional area of tiie end of the 
communication groove 56 at the cranic chamber side is larger than any other 

20 cross-sectional area of the communication groove 56. The other structure of the 
compressor is the same as the compressor in the first preferred embodiment. 
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In the compressor, the lubricating oil in the crank chamber 8 is easily 

4 

introduced Into the communication groove 56 in the maximum displacement 
operation of the compressor. Therefore, the advantageous effects of the present 
invention can be enhanced. 

5 

In a compressor of the tenth preferred embodiment as shown in FIG. 16, 
the communication groove 50 of the first preferred embodiment is changed to a 
communication groove 57 as the communication path. The communication 
groove 57 i$ formed in the bore surface of the cylinder block 1 at the near side of 

10 the axis of the drive shaft. The communication groove 57 is constituted of an 
introduction portion 57a for introducing the lubricating oil to the compression 
chamber 30. The introduction portion 57a is broader at the crank channber side 
than at ttie compression chamber side and that forms substantially a sector In 
shape when viewed from the inside of the cylinder bore 1 a as shown in FIG. 17. A 

15 periphery E of the piston 19 at the swash plate side Is positioned at the 
introduction portion 57a when the piston 19 Is located substantially at its top dead 
center. 

In the compressor, the same advantageous effects are obtained as 
20 mentioned In the first preferred embodiment. If the communication groove 57, 
which Is formed in the bore surface of the cylinder block 1 , extends axlally so as 
to have sides parallel to each other and does not form a sector in shape when 
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viewed from the inside of the cylinder bore la, the periphery E of the piston 19 
slides over the communication groove 57 at its one position in a circumferentiai 
direction of the piston 19. In this case, the sliding film may abrade. However, the 
introduction portion 57a is broader at the oran)< chamber side than at the 
6 compression chamber side and forms substantially a sector in shape when 
viewed from the inside of the cylinder bore 1a. Therefore, the periphery E of the 
piston 19 at the swash plate side slides over the introduction portion 57a of the 
communication groove 57 at its different position in the circumferential direction of 
the piston 19. As a result, the abrasion of the piston 19, especially the abrasion of 
10 the sliding film can be avoided. 

In a compressor of the eleventh preferred embodiment, as shown in FIQ. 
18, the communication groove 57 is changed to a communication groove 58 as 
the communication path. The communication groove 58 Includes an Introduction 

15 portion 58a that Is the same as the introduction portion 57a of the tenth preferred 
embodiment and a straight flute portion 58b. In addition, the straight flute portion 
58b is formed at the compression chamber side of the introduction portion 58a 
and extends in the axial direction of the drive shaft 12. As shown in RG. 19, It is 
assumed that B denotes the diameter of the cylinder bore 1 a and L denotes the 

20 distance between a hypothetical peak P of the Introduction portion 58a and a rear 
end surface H of the piston 19 in a state that the inclination angle of the swash 
plate 1 6 is substantially the maximum inclination angle and that the piston 1 9 is 
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located at its bottom dead center. Particularlyt In this case, a width X of the 
straight flute portion 58b and a centra) angle 6 of the Introduction portion 58a 
ranges in an area a as shown in FIG. 20. Namely, the width X ranges from 0 to 
0*47B, and the central angle 8 ranges from 2 to 2 tan'^ {0.63B/2/(12+L)^ The 
5 other structure of the compressor Is the same as the compressor in the tenth 
preferred embodiment. 

In the compressor, the same advantageous effects are obtained as 
mentioned in the first preferred embodiment. Especially, in the compressor, the 
10 amount of the lubricant oil that Is discharged from the cranl< chamber 8 to the 
compression chamber 30 through introduction portion 58a can be controlled by 
adjusting the largeness of the straight flute portion 58b. 

In a compressor of the twelfth preferred embodiment, as shown in FIG. 

15 21 , a suction chamber 7a is formed in an inner area in the rear housing 7 near the 
middle of the rear housing 7. A discharge chamber 7b is formed in an outer area 
in the rear housing 7 near the outer circumferential surface of the rear housing 7 
separately from the suction chamber 7a. A rotary valve 60 is located in the shaft 
hole 1 b of the cylinder blocic 1 and is fixed to the rear end of the drive shaft 1 2. An 

20 introduction hole le Is radially formed from the shaft hole lb to each of the 
compression chsmibers 30. An introduction chamber 60a is formed In the rotary 
valve 60 and communicates with the suction chamber 7a. A suction passage 60b 
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is radially formed in the rotary valve 60 and Interconnects the introduction 
channber 60a with the introduction hole le that oommunicates with the 
compression chamlser 30 In the suction process. 



5 Also, a first communication groove 59a Is formed in the outer 

circumferential surface of the piston 19 so as to extend axiaily The first 
communication groove sga at the cranl< chamber side is open to the crank 
chamber 8 only while the inclination angle of the swash plate 16 is substantially 
the maximum inclination angle and the piston 19 is located substantially at its 

10 bottom dead center A communication passage 58b is formed in the cylinder 
block 1 so as to extend through the cylinder block 1 . The communication passage 
59b Interconnects the first communication groove 59a at the compression 
chamber side with the shaft hole lb only while the inclir^tion angle of the swash 
plate 16 is substantially the maximum inclination angle and the piston 19 is 

15 iocat«] substantially at Its bottom dead center. A second communication groove 
59c is formed on an outer circumferential surface of the rotary valve 60. Hie 
second communication groove 59c axiatly extends and communicates with the 
suction passage 60b. The second communication groove 59c communicates with 
the communication passage 59b only while the inclination angle of the swash 

20 plate 16 is substantially the maximum inclination angle and the piston 19 is 
located substantially at its bottom dead center. The first communication groove 
59a» the communication passage 59b. th second communication groove 59c, 
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the suction passage 60b and the introduction hole ie are included in a 
communication path 59 that Interconnects the crank chamber 8 with the 
compression chamber 30. The other structure is the same as the first preferred 
embodiment. 

6 

In the compressor, the rotary valve 60 is rotated integrally with the drive 
shaft 12 and interconnects the suction chamber 7a with the compression 
chamber 30 in the suction process sequentially, through the Introduction chamber 
60a, the suction passage 60b and the introduction hole 1e. Therefore, the suction 
10 valve plate 3 as shown In FIG. 1 Is can be removed from the compressor, and the 
decrease in compression efficiency which is caused by resistance to suction at 
the suction valve 3a can be avoided. 

Also, the second communication groove 59c, which is formed on the 
15 outer circumferential surface of the rotary valve 60, interconnects the 
communication passage 59b and the first communication groove 59a with the 
suction passage 60b only while the inclination angle of the swash plate 16 is 
substantially the maximum inclination angle and the piston 19 is located 
substantially at its bottom dead center. Therefore, the crank chamber 8 Is 
20 interconnected with the compression chamber 30 through the first communication 
groove sga, the communication passage 59b, the second communication groove 
59c, the suction passage 60b and the introduction hoi 1e as th communication 
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path 59. Accordingly, In the compressori the same advantageous effects are 
obtained as mentioned in the first preferred embodiment. Furthermorei in the 
twelfth preferred embodiment, In which the rotary valve 60 Is utilized, the timing 
when the refrigerant is drawn into the cylinder bore la can be changed by 
5 adjusting the largeness and the location of the suction passage 60b of the rotary 
valve 60. Therefore, the amount of the lubricant oil that discharged from the crank 
chamber 8 into the cylinder bore 1 a can be easily adjusted. 

According to the present invention, the following alternative preferred 
10 embodiments may be practiced. 

The supply control mechanism Is utilized as the control mechanism as 
shown in FIG. 2A in the above-mentioned first preferred embodiment. However, 
in a first alternative preferred embodiment, a three-way valve control mechanism 

15 may be utilized as the control mechanism as shown in FIG. 2B. In the three-way 
valve control mechanism* a control valve 37 is arranged on the supply passage 
36 that interconnects the discharge chamber 7b to the crank chamber 8, and on 
the bleed passage 35 that interconnects the crank chamber 8 to the suction 
chamber 7a. The control valve 37 adjusts both opening degrees of the supply 

20 passage 36 and the bleed passage 35 In accordance with the suction pressure 
Ps in the suction chamber 7a. The three-way valve control mechanism Is 
constituted of the supply passage 36, th control valve 37, the bleed passage 35 
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and the clearance between the piston 19 and the cylinder bore la. In the 
compressor, although a control mechanism is the three-way valve control 
mechanism, the same advantageous effects are obtained by the communication 
groove 50 as mentioned in the above-mentioned first preferred embodiment 

5 

The pulley 22 Is provided directly to the drive shaft 12 of the compressor 
in the above-mentioned first preferred embodiment. In a second alternative 
preferred embodiment, the pulley 22 is not provided directly to the drive shaft 12 
of the compressor, and an electromagnetic clutch may be provided to the drive 
10 shaft 12. 

The communication groove 57 or 58 is formed in one of the c^inder 
t>ores 1a in the edbove-mentioned tenth or eleventh preferred embodiment. In a 
third alternative preferred embodiment, the communication grooves 67 or 58 may 
15 be formed In aU cylinder bores la. The communication grooves 57 or 58 may t>e 
fonned in any position of the cylinder bores 1 a in a circumferential direction of the 
cylinder bores la. Since the side force is applied to the piston 19, it is preferable 
that the communication grooves 57 are formed in the bore surface of the cylinder 
block 1 at the near side of the axis of the drive shaft 12. 

20 

The second communication groov 59c that is a part of the 
communication path is formed on the outer circumferential surface of the rotary 
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valve 60 in the above-mentioned twelfth preferred embodiment. However, in a 
fourth altemattve preferred embodiment, the communication path may not be 
fomied in the rotary valve 60 and may be formed in one of the cylinder bore la, 
the piston 19. the cylinder block 1 and the front housing 2i or in a combination 
5 selected from the cylinder bore 1a, tfie piston 19, the cylinder block 1 and the 
front housing 2, similarly to the above-mentioned preferred embodiments except 
for the above-mentioned twelfth preferred embodiment, in the above structure, 
the same advantageous effects are obtained as mentioned in the 
above-mentioned first preferred embodiment. 

10 

In the al3ove-mentioned preferred emi:>od{ments, the lubricating oil stored 
in the crank chamber 8 Is discharged into the compression chamber 30 while the 
inclination angle of the swash plate 16 is substantially the maximum inclination 
angle, i-iowever, in a fifth alternative preferred embodiment, the lubricating oil 

15 stored in the crank chamber 8 may be discharged into the suction chamber 7a or 
the discharge chamber 7b while the inclination angle of the swash plate 1 6 is 
substantially the maximum inclination angle in the above^entioned preferred 
embodiments. Or, the lubricating oil stored in the crank chamber 8 may be 
discharged into any combination selected from the suction chamber 7a, the 

20 discharge chamber 7b and the compression chamber 30 while the inclination 
angle of the swash plate 16 is substantially the maximum inclination angle in the 
abov -m ntioned pref rr d mbodiments. 
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The present examples and embodiments are to bB considered as 
illustrative and not restrictive, and tlie invention is not to be limited to the details 
given herein but may be modified within the scope of the appended claims. 

6 
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